This paper presents a new sample of Compact Radio sources at Low Redshift (CORALZ), which is used to study the onset and evolution of young radio-loud active galactic nuclei (AGN) and their environments. The CORALZ sample consists of 28 sources, of which 17 form a ∼95 per cent statistically complete sample with S 1.4 GHz >100 mJy and θ<2arcsec, over the redshift range 0.005 < z < 0.16. The sample is selected from the Very Large Array (VLA) FIRST 1.4-GHz radio survey over an area of sky of 2850 deg 2 , cross-correlated with the APM Palomar Sky Survey (APM/POSS-I) catalogue. In contrast to most previous studies of young radio-loud AGN, no selection has been made on radio spectral characteristics. This is to enable investigation of the relation between radio spectra and morphologies, orientation and Doppler boosting in young radio sources, in an unbiased way. Remarkably, more than 90 per cent of the sources in the complete CORALZ sample are classified as Gigahertz Peaked Spectrum (six) or Compact Steep Spectrum (10) sources, and only one object shows indication of strong flux density variability. Several projects are under way to study this unique sample in detail, including investigation of the optical host galaxies and their emission line characteristics, radio morphologies and dynamical evolution, and the neutral hydrogen distribution and kinematics in absorption towards these strong compact radio sources.
INTRODUCTION
Young radio-loud active galactic nuclei (AGN) form an important tool to study the onset of AGN activity, the interaction of jets with the dense narrow-line region and the early evolution of classical double radio galaxies. Unfortunately, it is particularly difficult to obtain statistically complete samples to conduct these studies. Young radio sources are generally selected in two ways, either on their radio spectrum, or on their radio morphology. In the first case, they are called Gigahertz Peaked Spectrum (GPS) sources and are characterized by a convex shaped spectrum peaking at about 1 GHz in frequency and with typical sizes of a few tens to hundreds of milliarcsec, or Compact Steep Spectrum (CSS) sources, which show a turnover at lower frequencies (typically <100 MHz) and which are up to a few arcseconds in size (for a review, see O'Dea 1998). If selected on radio morphology, they are called Compact Symmetric E-mail: ignas@roe.ac.uk Objects (CSO, Wilkinson et al. 1994 ) and characterized by subarcsecond size structures in the form of mini-lobes and/or jets on both sides of the centre of activity. The overlap between the classes of CSO and GPS sources is large.
Since the discovery of GPS radio sources (and later CSO), it has been argued that they may represent the young progenitors of classical double radio sources, or alternatively that they are highly constrained objects in very dense environments (e.g. O'Dea, Baum & Stanghellini 1991) . However, recently it has been established beyond reasonable doubt that at least the archetypical GPS/CSO galaxies are young objects, with dynamical ages of 10 2 to 10 3 yr (for a review, see 2003) .
Unfortunately, neither the class of GPS sources nor CSO are well defined. GPS sources have a wide range in peak frequency and in optically thin and thick spectral indices, and there is no obvious way to decide what is a GPS source and what is not. In addition, it is not clear whether certain subclasses of GPS sources, such as those optically identified with high-redshift quasars, are actually young sources, or just a subclass of the general population of beamed, flat-spectrum quasars (e.g. Snellen et al. 1999) . Furthermore, differential Doppler boosting may alter the overall radio spectrum significantly, depending on orientation (Snellen et al. 1998) , making selection effects difficult to account for. At least for the CSO, it is clear that Doppler boosting does not play a major role due to their two-sided emission. However, selecting radio sources on their CSO morphology is very difficult. Multifrequency very long baseline interferometry (VLBI) observations of sufficient resolution are needed to classify the nature of the different components. This makes samples of CSO biased against those of low flux density and small angular size. In addition, just as for GPS sources, the exact selection parameters of CSO are not well defined, and it depends on, for example, the dynamic range and the brightness limit of the VLBI observations whether a source classifies as a CSO or not.
In addition to the problems of selecting complete unbiased samples of young radio sources, GPS/CSO at low redshifts are relatively rare. Only a handful are currently known at redshifts <0.2, hampering detailed studies in all wavelength regimes, but especially those currently limited by sensitivity such as in X-rays and infrared (virtually nothing is known about the properties of young radio sources in these wavelength regimes). This paper describes the selection of a new comprehensive sample of young radio sources at low redshift, which has only become possible since the construction of the new generation of radio surveys. Using the Very Large Array (VLA) Faint Images of the Radio Sky at Twenty-cm (FIRST) survey, (White et al. 1997) we have selected radio sources solely on their angular size, resulting in a complete and unbiased sample of potentially young radio-loud AGN, independent of their radio spectra. In Section 2 we outline the selection process. In Section 3, the sample is presented and the spectral characteristics of the sources are discussed. Indeed, the large majority of sources in the sample turn out to be GPS and CSS sources, and are therefore likely to be young radio-loud AGN. In Section 4, we summarize our results and give an out-look to future research. Throughout this paper, we assume a cosmology with H 0 = 70 km s −1 Mpc −1 , 0 = 0.3 and λ = 0.7.
SELECTION OF THE SAMPLE

Radio selection using the FIRST survey
The FIRST survey, performed with the VLA in B array, currently covers 8565 deg 2 of sky, to a noise level of ∼0.13 mJy and with a synthesized beam of 5.4 arcsec. The sample presented in this paper is based on the 1999 July 21 version of the FIRST catalogue, which was derived from the 1993-1998 observations, covering 6060 deg 2 mainly around the north Galactic cap, and containing 549 707 radio sources. We selected sources in a region of 2850 square degree, with declination, 30
• <δ<57.5
• , and galactic latitude, b > 30
• , to make it overlap with the optical APM Palomar Sky Survey (APM/POSS-I) catalogue (McMahon & Irwin 1992) , and the Westerbork Northern Sky Survey (WENSS) 325-MHz radio survey (Rengelink et al. 1997) . All sources were selected with a flux density S peak > 100 mJy and a deconvolved angular size of θ DMaj < 2.0 arcsec. This resulted in a total of 1515 compact radio sources.
Optical selection
The next step in the selection process was to pick out those radio sources which coincide with nearby, bright galaxies. For this purpose, we cross-correlated the sample with the output catalogue of the APM scans of POSS-I photographic plates in the e (red) and o (blue) passbands (McMahon & Irwin 1992) . We selected objects listed as extended or merged in the APM catalogue with a position within 10 arcsec of the radio positions, and a red magnitude of e < 16.5 mag or a blue magnitude of o < 19.5 mag (this is to include a small fraction of objects which have their e magnitude set to zero). The large margin in positional difference is to allow for the inclusion of merged objects which might otherwise have positional offsets to their combined centroids too large to be included. This process resulted in a total of 77 objects. For these, images from the FIRST, NRAO VLA Sky Survey (NVSS; Condon et al. 1998) and Digitized Sky Survey (DSS; Lasker et al. 1990 ) were visually inspected, to filter out spurious sources and artefacts in the APM and sources which are accompanied by extended emission in the NVSS or FIRST surveys. A literature search was made for redshifts and optical spectra were taken for those without. This resulted in a final sample of 28 objects in the redshift range 0.008 < z < 0.232. The optical spectral observations and analysis of the emission line properties will be presented and discussed in a future paper.
Complementary data and observations
VLA and Effelsberg observations were taken for the objects in the sample. In addition, the literature was searched to further refine the radio spectra of the sources in the sample.
VLA Observations in C, X, and U band
Candidate objects in the sample were observed at 4.89 (C band), 8.44 (X band) and 14.96 GHz (U band) with the VLA in BC configuration on 2000 February 23. The objects were observed in a standard way using a bandwidth of 2 × 50 MHz. The phases were calibrated using standard nearby VLA phase calibrators. Total integration times were typically 100 s in C and X band, and 500 s in U band, resulting in noise levels of typically 0.15 to 0.20 mJy/beam at each frequency. Systematic errors in flux density of VLA observations at these frequencies are typically about a few per cent (e.g. Carilli et al. 1991) . The data were reduced using AIPS in a standard manner, including several iterations of phase self-calibration. The synthesized beams have half widths of 3.6 × 1.6, 2.2 × 0.9 and 1.2 × 0.5 arcsec 2 at 5.0, 8.4 and 15 GHz, respectively. Several objects had already been observed at 8.4 GHz as part of the Cosmic Lens All Sky Survey (CLASS; Myers et al. 2003) , which were not re-observed at this frequency. Three objects, J090615+463618, J093609+331307, and J101636+563926 were not observed due to technical problems.
Effelsberg observations at 2.7, 10.4, and 32 GHz
Observations at 2.7, 10.4 and 32 GHz were carried out with the 100-m Effelsberg telescope in several runs between 1999 October and 2001 August. As all sources reported in this article are point-like to the Effelsberg beams, the measurements were performed by crossscanning the sources in two perpendicular directions. The technical and operational details of the 2.7-and 10.4-GHz observations are analogous to the ones described by Klein et al. (2003) and Gregorini et al. (1998) .
At 32 GHz, we employed the new λ 9-mm beam-switch correlation receiver system, with high electron mobility transistor (HEMT) amplifiers in the first stage. This system operates at a centre frequency of 32.0 GHz, with a bandwidth of 2 GHz. The receiver system temperature is 60 K on the sky (zenith; clear sky). The half-power beamwidth is 23 arcsec and the beam throws between the three front-end horns are 2.0 and 4.36 arcsec, respectively. The sources were observed by cross-scanning the telescope in right ascension and declination, with a scan length of 4 arcmin. The scanning speed was 10 arcmin min −1 , and the total number of scans was adjusted according to the estimated flux density of the target. Telescope pointing and focusing were regularly checked by crossscanning the point sources 3C 48, 3C 84, 3C 196, 3C 286, 3C 295, 3C 309.1, NGC 7027, and 4C 39.25 . 3C 286 and 3C 295 were also used as flux density calibrators. The calibrated flux densities are on the flux density scale of Baars et al. (1977) .
Additional radio data from the literature
The survey area was chosen in such a way to overlap with the WENSS (Rengelink et al. 1997) at 325 MHz, which contains sources down to a flux density limit of ∼25 mJy. Most sources, except for those with steep inverted spectra, were found in the WENSS. All sources were also found in the Greenbank GB6 survey at 5 GHz (Gregory et al. 1996) , which has a flux density limit of 18 mJy, and in its precursor, the 87GB survey (Gregory & Condon 1991) . In addition, all sources were measured at 1.4 GHz as part of the NVSS survey (Condon et al. 1998) . The NASA/IPAC Extragalactic Data base (NED) and the CATalogs support System (CATS) data base 1 of 1 Available on-line at http://cats.sao.ru radio sources (Verkhodanov et al. 1997) were searched extensively for additional flux density points. As mentioned above, several objects are part of the Jodrell Bank-VLA Astrometric Survey (JVAS) and/or CLASS surveys at 8.4 GHz. For the brighter objects in the sample, several extra low-frequency points were found from the 4C (178 MHz), 6C (151 MHz), 7C (151 MHz), and Texas (365 MHz; Douglas et al. 1996) surveys. Some objects were also present in the Miyun 232-MHz survey (Zhang et al. 1997 ). In addition, miscellaneous pointed observations were found for a variety of sources.
RESULTS
Details of the sample are given in Table 1 . Column 1 gives the IAU name; column 2 shows the initial radio survey from which the source is selected, with 'F' and 'C' indicating FIRST and CLASS (see Section 3.1.3) selection, respectively. Column 3 gives the FIRST radio position, column 4 gives the radio-optical offset, column 5 gives the redshift, column 6 gives the FIRST 1.4-GHz flux density, column 7 gives the 5-GHz radio power, column 8 gives the turnover frequency, column 9 gives the flux density and column 10 gives the high-frequency spectral index. As we discuss in Section 3.1.1, the sample is 95 per cent complete for sources with S 1.4 GHz > 100 mJy and θ<2arcsec, over the redshift range 0.005 < z < 0.16, and we therefore define our complete Compact Radio sources at Low Redshift (CORALZ) sample in this way. We also give the properties for another seven nearby radio sources in the sample which do not follow these strict criteria. A further four sources are given which are probably located behind random foreground galaxies (see Section 3.1.2).
Completeness of the sample
Because this sample will be used for detailed statistical studies, it is crucial to know and understand its completeness and selection biases in detail. We now assess the completeness of the sample as function of redshift, the reliability of the optical identifications and the selection bias against the smallest radio sources due to their high-frequency spectral turnovers.
Completeness as function of redshift
An ideal sample is complete within a certain volume, which requires a selection based on redshift. However, for obvious reasons, the selection of the sample presented here is based on apparent magnitude. Although this is expected to resemble a redshift cut-off to first order, the relatively large uncertainty in the APM magnitudes (∼0.5 mag), a spurious dependence of the raw APM magnitudes on the angular size of the object and the range in absolute magnitudes of the radio galaxies are expected to result in a more complicated redshift selection function. Furthermore, large, bright galaxies are prone to cause artefacts in the APM catalogue, which may result in their being missed. Therefore, it is necessary to quantify the completeness of the sample as a function of redshift. For this purpose, the NED was used to select all known radio galaxies in 3C and 7C catalogues at z < 0.3, located within the APM survey region. These 268 nearby galaxies have a very similar radio flux density and luminosity range to those selected in our sample, and should therefore have a similar distribution of absolute magnitudes. Their positions were then cross-correlated with the APM catalogue in a similar fashion as above. Fig. 1 (left-hand panel) shows the redshift distribution of this comparison sample, with the galaxies selected by the APM method highlighted. The right-hand panel shows the fraction of APM selected galaxies as a function of redshift. Very few galaxies have been missed in the range 0.01 < z < 0.16. There is a sharp cut-off at z < 0.005 ( 20 Mpc) and a shallower decrease in the selection fraction beginning at z > 0.16. The low-redshift cutoff is caused by these host galaxies being too large to be properly catalogued by APM. The slow, high-redshift cut-off is as expected from the uncertainties in the APM magnitudes and the range in absolute magnitudes. The APM selection technique is found to result in 95 per cent completeness over the redshift range 0.005 < z < 0.16. The 17 CORALZ sources in this redshift range form the complete subsample.
Completeness and reliability of the optical identifications
The combined positional uncertainty in the optical and the radio is about 0.7 arcsec, which may lead to missed and/or erroneous identifications. The large majority of the sample (24/28) has radiooptical positional offsets smaller than 1.5 arcsec, well within the expected range for genuine identifications. Statistical analysis suggests that the few objects with larger positional offsets are probably unrelated foreground galaxies, although the position of the radio source is well within the optical boundaries of the galaxy. To quantify the identification procedure, the likelihood method (de Ruiter, Arp & Willis 1977) was used, as described in detail in Snellen et al. (1998) . The density of APM galaxies with a red magnitude of e < 16.5 mag is ∼120 deg −2 . A cut-off of 2 arcsec between identified and unidentified radio sources results in an identification fraction of 17/1515 = 0.011, a completeness of 97 per cent and a reliability of 98 per cent.
There is more circumstantial evidence that at least two of the four identifications with positional offsets greater than 2.0 arcsec are indeed misidentifications, because their absolute K-band magnitudes are smaller than those of the general population of radio galaxies. We extracted the K-band magnitudes for all the galaxies in our sample, and those in the 3C and 7C comparison samples, from the Two Micron All Sky Survey (2MASS). We interpolated the 2MASS aperture magnitudes to derive a 25-Kpc aperture magnitude for each source. We also searched the NED to determine whether the galaxies are morphologically classified as spirals or ellipticals. Fig. 2 shows the absolute K-band magnitude, K abs , as function of radio-optical positional offset, with the horizontal and vertical dotted lines indicating K =− 24.5 mag and an offset of 2 arcsec, respectively. Outside the 2-arcsec range, three of the four Figure 2 . The radio-optical position offset versus the absolute K-band magnitude as derived from 2MASS. Solid symbols indicate spirals or S0 galaxies. The vertical dotted line indicates the maximum allowed offset of 2 arcsec used to define the complete sub-sample. Note that only two out of 22 galaxies in the sample have absolute K magnitude > −24. m 5 (which both are nearby spirals with very weak radio sources), while this is the case for three out of four of the galaxies with large positional offsets. This indicates that these optical galaxies have different properties from the genuine radio galaxies, and are most likely to be just random foreground galaxies.
galaxies have absolute K-band magnitudes of greater than −24.5 arcsec, whereas inside the 2-arcsec range, this is only true for three out of the 19 galaxies. Two of these three galaxies are actually spirals (filled circles) with much lower radio powers than the rest of the sample, and which do not represent powerful radio galaxies.
That some optical identifications are likely to be random foreground galaxies can also be seen in Fig. 3 , where K abs versus redshift is plotted in the left-hand panel, and K abs versus radio power is plotted in the right-hand panel. Galaxies are indicated as ellipticals Figure 3 . The absolute K-band magnitude as function of redshift (left-hand panel) and 1.4-GHz radio power (right-hand panel) for the objects in the CORALZ sample (encircled) and the 3C and 7C comparison samples. Galaxies are indicated corresponding to their morphology as spirals (s), ellipticals (e), S0 (o) or as unclassified (u). The objects indicated by an asterisk are those sources in the CORALZ sample with too large a radio-optical positional offset. The absolute magnitudes clearly depend on the radio power, with the objects below log P 1.4 GHz = 22WHz −1 being almost exclusively fainter than K > −24.5 mag, whereas above this radio power, they are generally more luminous than this limit.
(e), spirals (s), S0 galaxies (o) and unclassified (u). The encircled galaxies are those of the CORALZ sample. The galaxies indicated by an asterisk are those from the CORALZ sample with a radiooptical positional offset larger than 2 arcsec. Clearly, two of the four galaxies with large offsets are at the faint end of the general absolute magnitude distribution, something one would expect if they were random foreground galaxies.
Selection bias against the most compact sources
By selecting sources at 1.4 GHz, sources with spectral turnovers at higher frequencies, very compact objects exhibiting synchrotron self-absorption (SSA), may have been missed. We quantified this effect by selecting sources from the flat-spectrum CLASS (Myers et al. 2003) , for which the 1.4-GHz flux density as extrapolated from their 8.4-5 GHz spectrum was brighter than 100 mJy, but with their measured FIRST flux density below this limit. This resulted in an additional 455 sources for which this extrapolated flux density was >100 mJy, the FIRST flux density was <100 mJy, their FIRST angular size was <2 and their 1.4-GHz flux possibly influenced by SSA. Note that CLASS has a flux density limit of S 5 GHz > 30 mJy, and all of the CORALZ sources satisfy this flux density limit. Five of these CLASS sources were identified with bright APM galaxies and could therefore in principle be objects which should be in the sample. However, we show in Section 3.2 that their steep 8.4-5 GHz spectral indices were probably caused by variability, that their unabsorbed 1.4-GHz flux densities would not have reached 100 mJy, and that they should therefore not be in the complete CORALZ sample. These CLASS-selected sources are indicated by a 'C' in column 2 of Table 1. Note that although these sources are not part of the complete sample, we have acquired similar data for these objects as for the others.
Radio spectra and variability
We have collected all the available radio data for the objects in the sample, as outlined in Section 2.4. The radio spectra are shown in Fig. 4 . Each spectrum was fitted in log -log space with a (>3σ ) deviations, but five of these are selected from GB6/CLASS. These five objects are biased into the sample because their flux density variability have made their 8.4-5 GHz spectral index, which was not measured instantaneously, spuriously steep. These sources should therefore not be in the complete sample (see Section 3.2).
second-order polynomial indicated by a solid line. The peak frequency, peak flux density and high-frequency spectral index between 5 and 15 GHz are derived from the fit and are given in columns 9 to 11 in Table 1 . All spectra show a negative curvature indicative of electron energy losses and/or absorption processes, except for J115727+431806, which shows a steepening of its spectral index towards lower frequencies.
For statistical analysis of a complete flux-density-limited sample of compact radio sources, it is vital to understand what role Doppler boosting may play. Because Doppler boosting is often accompanied by flux density variability, this is an interesting aspect to investigate. Note that GPS and CSS sources are generally found to have very low flux density variability. A few objects in the sample show a larger scatter of data points around their best fits than expected from the uncertainties in the measurements. We show this in detail in Fig. 5 , where the normalized deviation (in units of the uncertainty σ )ofthe 5-and 8.4-GHz data points are shown for each source. From this, it is clear that seven sources show signs of variability with deviations >3σ . Note, however, that five of these sources are the subset selected from the GB6 and CLASS surveys (see Section 3.1.3). For all of these objects, the 5-GHz GB6 flux density point is above the best fit, and the 8.4-GHz CLASS measurement below it, indicating that these objects appear in the sample due to a selection effect. Variability has caused the CLASS-GB6 spectral index to be spuriously steep resulting in an extrapolated 1.4-GHz flux density to be >100 mJy. We therefore believe that these objects should not be part of the complete CORALZ sample. It is important to realise that we do not exclude these objects from the complete sample because they are variable, but because they only appear in the sample due to a selection effect. Note that J071509+452556 also has too large a radiooptical positional offset of 2.6 arcsec to be in the complete sample.
Only two objects selected using FIRST, J090615+463618 and J101636+563926, show flux density variations larger than 3σ ,o f which the latter object is at too high a redshift to be in the complete sample. Therefore, first indications are that Doppler boosting only plays a minor role in this sample. All sources in the complete CORALZ sample can be classified as GPS or CSS sources, except J102618+454229, which has too flat a spectral index (α =−0.41).
Six sources have GPS-type spectra with turnover frequencies of 400 <ν peak < 2500 MHz, and ten sources have CSS-type spectra with spectral turnover frequencies of ν peak < 300 MHz. These are therefore likely to be young radio-loud AGN.
SUMMARY AND FUTURE WORK
In this paper, we have presented a new sample of compact radio sources selected from the VLA FIRST 1.4-GHz survey, with S 1.4 GHz > 100 mJy and angular sizes θ<2arcsec, over an area of sky of 2850 deg 2 . These were cross-correlated with the output catalogue of the APM scans of the POSS-I photographic plates to select those radio sources coinciding with nearby, bright galaxies. In this way, we selected a sample of 28 sources (the CORALZ sample), of which 17 sources form a 95 per cent complete sample in the redshift range 0.005 < z < 0.16. Another seven sources are compact nearby radio sources which are not part of this complete sample, and another four objects are probably more distant radio sources which happen to be located behind a random foreground galaxy. In contrast to most previous studies, no selection has been made on their radio spectral characteristics, such as spectral index, spectral turnover or flux density variability. This is important because it can now be used to investigate possible influences of orientation and Doppler boosting effects on radio spectra and morphologies in young radioloud AGN in an unbiased way. Remarkably, >90 per cent of the sources in the complete CORALZ sample can be classified as GPS (six) or CSS (10) sources, and only one object shows indication of flux density variability.
Current and future projects using the CORALZ sample
We plan to constrain models for radio source evolution, using a combination of (1) the luminosity function, (2) the linear size distribution and (3) the dynamical ages of the sources. We are in the process of determining these parameters using observations with the European VLBI Network (EVN), Very Long Baseline Array (VLBA) and MERLIN. In addition, the optical and near-infrared properties of the host galaxies and their environments are being studied using targeted multiband optical imaging and the near-infrared 2MASS survey. Optical and near-infrared spectra are being taken, mainly using the Calar Alto telescope and the United Kingdom Infrared Telescope (UKIRT), in order to study their emission line properties. In addition, young radio-loud AGN are known to have a large incidence of neutral hydrogen in absorption towards their compact radio sources, making them ideal probes to study the circumnuclear environments of radio-loud AGN. We are therefore obtaining H I absorption measurements of the objects in the CORALZ sample with the Westerbork Synthesis Radio Telescope (WSRT) and planning spectral line VLBI observations to study its distribution and kinematics. Last, but not least, we plan to study the X-ray properties of young radio-loud AGN with XMM and Chandra.
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